T h i s paper d e s c r i b e s a s y s t e m for a n a l y s i n g natural l a n g u a g e basea on the c o n c e p t of case. After a p r e l i a i n a r y parse u s i n g an augmented transition network, t h e case routines attempt to find the a p p r o p r i a t e verb meaning. These r o u t i n e s search for parts of t h e s y n t a c t i c structure w h i c h best s a t i s f y the requirements of t h e verb case frames and under b a c k -u p are able t o weaken gradually the c o n d i t i o n s far success. The r e s u l t i n q structure is s i m i l a r to the conceptual d e p e n d e n c y networks o f Schank, and is an a t t e m p t to represent as f u l l y as p o s s i b l e t h e meaning of t h e i n p u t sentence. The spstea has b e e n d e s i g n e d to be q u i t e f l e x i b l e and a l l o w s for the i n c o r p o r a t i o n of domain specific knowledge. T h i s knowledge has its effect both i n t h e nature of the dictionary and in r o a
i f i c a t i o n s in t h e search r o u t i n e s , A t p r e s e n t the s y s t e r incorporates procedures f o r r e s o l v k n g anaphoric references which d e p e n d
on e x a m i n i n g p r e v i o u s sentences.
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wl=u B C'ASE-DRIVEN P A R S E R FOR N A T U R A L L A N G U A G E
Brock H. T a y l o r and Richard S. Rosenberq
It has been a p p a r e n t f o r some t i m e now t h a t a l i n e a r approach to n a t u r a l l a n g u a g e p r o c e s s i n g c o n s i s t r n q o f soccessivcl
s y n t a c t i c , semantic, and r e t r i e v a l or i n f e r e n c e p h a s e s is i n a d e q u a t e .
An i m p o r t a n t a d v a n c e war; mad3 b y Winograd[ 9.10 1 i n i n t e g t a t i n g these p h a s e s i n t o a system w h i c h utilizes t h e v a r i o u s k i n d s of l i n g u i s t i c knowledge at t h e a p p r o p r i a t e trine.
T h e approach described in this p a p e r is somewhat l e s s a m b i t i o u s , b u t this is p a r t l y c o m p e n s a t e d for by its v e r y flexible
structure.
In f a c t , it is u s e f u l to v i e w t h i s system a s a skeleton w h i c h c a n be f l e s h e d o u t to s e r v e a v i d e varlety of p u r p o s e s .
A l t h o u g h c a l l e d a parser, it is f a r more p o w e r f u l t h d n t t a d i t i o n a l parser because it i n c o r p o r a t e s s e m a n t i c k n o w l e d g e to p r o d u c e a r e p r e s e n t a t i o n of t h e i n p u -t s e n t e n c e w h i c h i n a s rich a s p o s s i b l e in terms of t h e s y s t e m ' s b a s i c k n o w l e d g e . S i n c e t h e d e t a i l e d o p e r a t i o n of t h e s y s t e m v i L l be d e s c r i b e d s u b s e q u e n t l y ,
we will now present the n a j o r i n f x u e n c e s on this u o r k , some s i m i l a r s y s t e m s , and what ue b e l i e v e t h e i~p o r t a n t c o n t r i b u t i o n s to be.
Beginning at t h e end, we d e c i d e d to represent a n i n p u t s e n t e n c e with a structure which is v e r y s i m i l a r to the c o n c e p t u a l aependency networks of %hank[ 5,6 1. This does not
imp11 agreement w i t h t h e overall p h i l o s o p h y of Schank, but
rather a recognition that an u n d e r l y i n g representation s h o u l d c o n t a i n a s much knowledge a s p o s s i b l e , as i t map be c r u c i a l f o r subsequent a n a l y s i s . As will be seen, our r e p r e s e n t a t i o n , in a d d i t i o n to the basic s y n t a c t i c r e l a t i o n s , a l s o r e v e a l s s e m a n t i c
relations not e x p l i c i t l y g i v e n in the i n p u t . s e n t e n c e , T h i s l a t t e r knowledge is d e r i v e d f roa a c o n p l e x s e a a n t i c l e x i c o n organize& around t h e c o n c e p t of case as f i r s t f o r m u l a t e d by
Fillmore[3].
One p o i n t s h o u l d be emphasized: Fillmore, a s a l i n g u i s t . was c o n c e r n e d u i t h f o r a n I a t i n g a t h e o r y to e x p l a i n d a t a which a traxisfarmatioaal a~~r o a c h s e e n e d unable to ao, AS s u c h , he felt the need to worry about t h e number and n a t u r e of t h e cases necessary t o treat the f i n g a i s t i c data a d e q u a t e l y . 
u t prior to a c t i v a t i n g the case-driven p a r t of
t h e system, a p r e l i m i n a r y stage of analysis must be i n i t i a t e d . T h i s i s an almost purely syntactic p h a s e carried out by a rather s i a p l e augmented t r a n s i t i o n network ( A , (Roods[ 11,12 1). he AT1 has proven to be very u s e f u l in natural l a n g u a g e p r o c e s s i n g mainly because of the ease of r e p r e s e n t i n g complicated and i n t e r r e l a t e d s y n t a c t i c structures,
For our p u r p o s e s , t h e ATH is used to p r o d u c e a very fast
p r e l i m i n a r y parse of t h e i n p u t s e n t e n c e w h i c h i n d i c a t e s gross s t r u c t u r a l re la tions, In s p i t e of i t s large size, it i s r e l a t i v e l y fast. For e x a m p l e , the t o t a l time taken to parse s e n t e n c e (11) below, is -90 CPU seconds, e x e c u t i n g i n t e r p r e t i v e l y . A con p i l e d version of the progran uould r u n approximately 1 0 times f a s t e r .
Cages and Verbs
The question a£ how many cases we need to d e s c r i b e E n g l i s h 
Hartinas cases have been dropped c o m p l e t e l y , sone h a v e s i m p l y not been i~p l e m e a t e d p e t , and several new cases h a v e b e e n added.
For a complete list of t h e s e cases we refer you to Through t h e q h g~g the wind is b l o w i n g .
Flagged by by. a b o p t , along, up, down, around, across.
gxc_hnaa
I bought it uith a U k l e and I sold it for 3 a=.
He wants to t r a d e the game he p l a y s for s h e l t a ,
Flagged by w i t h , for.
I f o u g h t e v e r y man for &g u n t i l t h e n i g h t vas oven.
I. s i n g t h i s to u p ccic&f.&s, I sing this for u m ! s F l a g g e d b y for, to, before,
. L
Suzanns takes you down to her place near 242 gab.
The uoaan in me i s a s k i n g f~r revenge.
The hand of youg beis burdened down w i t h roney. Could g e t back to t h e war.
Flagged by so.
Topic
It is time we began t o l a u g h about it all agairi.
Lets not t a l k of l o v s chains.
Sometiaes I f i n d X get to t h i n k i n g of t h e p a s t .
Flagged by of, about.
D e t e r r i n a t i a of Case
Bast of t h e cases l i 
T h e s c a n d a l was w h i s p e r e d a b o u t the room.
Sentence (3) i l l u s t r a t a s thztt mabout" can f l a g the p a t h case for a coaaunication v e r b , so ue do not w a n t to rule out the p a t h case: w e j u s t want t o p i c to be tried first. In ( 
T h i s faregrounding of cases is s p e c i f i e d in t h e d i c t i o n a r y .
Fred bought the car for one dollar.
The p r e p o s i t i o n *form f l a g s many cases. In (4) it f laqs t h e b e n e f i c i a r y case, a n d in (5) it f l a g s the exchange case.
~ssociated w i t h each case is a test w h i c h a phrase must pass to be accepted, In t h e b e n e f i c i a r y case the t e s t is:
(BUST-BE ABIHATE), i n d i c a t i n g t h a t the b e n e f i c i a r y has to be a n i s a t e , w h i l e the test for t h e exchange case is: (HOT (SaoULD-BE HUIA11 ABSTBACT)) , i n d i c a t i n g that one does n o t u s u a l l y exchange something for a person or s o a e t h i n g a b s t r a c t . These tests corre~tly sort o u t the cases in s e n t e n c e s (4) and (5).
In general, t e s t s on cases are v e r y -d i f f i c u l t to d e s i g n a d e q u a t e l y . 
n v o k i n g t h e t o p i c case,
The exchange case has s i m i l a t p r o b l e q s , Anythinq can bla exchanged for s o n e t h i n g . The weak test
(NOT (SHOULD-BE HUMAN A B S T R A C T ) )
is p u t in, which will at f i r s
t f a i l if a human or an a b s t r a c t noun is t h e c a n d i d a t e , but w i l l p a s s if n o t h i n g else seems to fit either. T h i s s i m p l e test runs i n t o p r o b l e m s with c e r t a i n sentences,
I p a i d the money for n y mother's release.
I p a i a t h e money for my nother.
I p a i d the money for the prostitute.
It w i l l i n i t i a l l y force t h e exchange case to reject " f o r ~y mother's release" in ( 6 ) because it is a b s t r a c t , b u t later on it w i l l accept i t s i n c e all of the other cases f l a g g e d by *for1@ will a l s o reject it. S e n t e n c e (7) is ambiguous, b u t "mothern is a l a o s t certainly in t h e b e n e f i c i a r y role here, so a g a i n t h e t e s t vorks correctly bp r e j e c t i n g the exchange ease. Sentence (8) is a l s o amhiguous, but our i n t e r p r e t a t i o n would u s u a l l y be that wprostitutew i s i n the exchange case here. The s y s t e m w i l l , however, a s s i g n it the b e n e f i c i a r y case as it d i d i n (7).
A d d i t i o n a l work rust be done on case tests if t h i s p a c a d i g n is
to be u s e f u l ,
. 3 verb Specific Cases &any verbs h a v e s p e c i a l constructs or cases w h i c h are not
used with most other verbs. T h e s e i r r e g u l a r i t i e s are h a n d l e d b y w r i t i n g s p e c i a l f u n c t i o n s to f i n d t h e s e cases. A few e x a a p l e s w i l l ixlnstrate,
The verb "to hew has e i g h t ~e a n i n g s in this s y s t e m . The thira neaning is rto h a t e t h e property. . ", as i n sentence [9),
The h o u s e i s red. The s i x t h meaning of "to bem is "to be fro. . . m., a s i n s e n t e n c e ( 1 0) .
The l a d y is from Onagadouqon. 
T h i
2-4 Verb D e f i n i t i o n s
T h e v e r b is t r e a t e d as t h e f o c a l p o i n t of the s e n t e n c e , A verb c a n hare millnip rreanings, The system discovers which meaning i s i n t e n d e d by l o o k i n g at t h e r e s t of t h e s e n t e n c e . In so d o i n q , it builds a structure r e p r e s e n t i n g a parse o f . t h e s e n t e n c e , e l e m e n t of the t r i p l e is an atom: a r e g i s t e r name. If t h e f i r s t forn EVALs to a non-BIL v a l u e , the Value is p u t into this register. In aur erample, for instance, the f i r s t t r i p l e is:
The f u n c t i o n of the Zirst form is to find t h e agent of the sentedce. If it succeeds, this agent is p u t ineo r e g i s t e r AG.
The third element of the t r i p l e i n d i c a t e s what t o do on f a i l u r e , If i t is the atom "QBLA, t h i s indicates t h a t t h e casa was ~bligatory; so if it was n o t found, I P s h o u l d f a i l on this meaning of the verb.
If the atorn is "OPT", t h e n the case is o p t i o n a l , t h e register i s l e f t empty, and IF c o n t i n u e s with t h i s
meaning. The thira possibility is that this t h i r d eleaent is a forn, i n which case i t is EVALed. If i t r e t u r n s mOBLw. or 9 0 P T m , t h e n t h e result is as d e s c r i b e d above. If it returns a n y t h i n g else, then that i s put into the register, and IF c o n t i n u e s w i t h t h i s meaning of the v e r b ,
The third e l e m e n t of the first t r i p l e for "to order" is 
COPT (GETB PASSIVE) 'SOHEOZOE).
OPT is a v e r y s i r a p l e f u n c t i o n u h i c h , if its f i r s t arguaent is non-MIL, returns its second arguaent. Otherwise it returhs "OBLn. (GETR PASSIVE) i s true if the s e n t e n c e is in t h e p a s s i v e voice. The f i r s t t r i p l
SOLIEUHE the agent. O t h e r w i s e f a i l .
The second t r i p l e is s i m p l e r . It merely says: If you f i n d an animate p a t i e n t , t h e n p u t it i n register PA, e l s e fail.
The t h i r d triple is e q u a l l y s i m p l e : it is n o t looking f o r a case, but a to-conplement.1 If t h e s e three elements are f o u n d i n the sentence, then the spstea will look no further, b u t assaae t h a t it has found the correct l e a n i n g 
BUILDQ t a k e s a v a r i a b l e number of a r g u~e n t s . The f i r s t is a kind of teaplate w i t h s l o t s in it.
The rest of the a r g u a e n t s f i l l t h e slots. The denotes a slot which is filled by the contents of a register. IOUA-PUT returns t h e structure of ths noun phrase associated with the noun in this register. The " ? "
is filled by t h e a p p l i c a t i o n of t h e f u n c t i o n BOON-PUT to t h e
contents of a register, F i n a l l y . the " # * 
So in this case:
(E1OUN-PUT (GETR BG)) is p u t in for the ?, (GETB TEJS) i n p l a c e of t h e first +,
( G E T R TOC) far the s e c o n d +. w h e r e GETR L e t u r n s the c o n t e n t s o f a r e g i s t e r ,
Programming d e t a i l s do n o t belong in a paper of this kind.
A 1 1 of the code is in Taylor which is in an appropriate p o s i t i o n to be an a g e n t , and which p a s s e s t h e t e s t ( t h e argnhent to AGEHT,) B y ' a p p r o p r i a t e p o s i t i o n ' is w a n t , for i n s t a n c e , t h a t if t h e s e n t e n c e is in t h e a c t i v e voice, t h e agent is ~o b a b l r r the first noun phrase in t h e sentence. 
It is on this p r e l i m i n a r y p a r s e t h a t the program works, F i r s t , t h e main v e r b is f o u n d , and a f u n c t i o n is i n v o k e d w h i c h controls t h e t o p -l e v e l back-up, T h i s f u n c t i o n EVALs t h e form on the p r o p e r t y list o f the verb under t h e i n d i c a t o r
V-HEAN, T h i s form for PLBY is a very long
For t h i s s i t u a t i o n , AGENT i n r e d i a t e l y f i n d s @ ? t h e manR
(There are tua l e v e l s of t e s t s in t h i s syster: SHOULD-BE t e s t s
and NUST-BE tests. Tbis a e c h a n i s a is v e r y use£ ul f o r f o r c i n g a verb l i k e PLAY to look v e r y hard for a m u s i c i a n to p l a y an instrument --b u t to accept a n y human if it fails at f i r s t . This i s e s p e c i a l l y powerful for r e s o l v i n g a n a p h o r i c references). Thus
AGEIT f a i l s , which i n v o k e s t h e t h i r d eleaent of t h e AGENT t r i p l e : (OPT (GETB PASSIVE) 'SOIIEOIIE) . T h i s m a y be read as:
AGENT is o p t i o n a l if the sentence is in the p a s s i v e v o i c e , i n which case p a t S O l E O l E in a s the a g e n t ; otherwise AGENT is o b l i g a t o r y . It is t h e beaning of " t o p l a y n as in "to entertain oneself."
S i n c e t h e sentence is not p a s s i v e , A G E N T is o b l i g a t o r y . As the A G E I T case was not found, t h i s first
Here the t e s t on AGEMT is (flUST-BE AMIHATE). flThe mant1 p a s s e s
NUMBER SG <-DEPIHITE-THE
PRESENT < HAVE-PROP E R T E 3 T A I N E D
IF has c o m p l e t e d its job. It has found what it t a k e s to be the correct meaning of t h e verb. Nou t h e re-of t h e sentence
mast be p r o c e s s e d . The seconil e l e n e n t of every t o p -l e v e l list i n t h e p-parse is a flag v h i c h is i n i t i a l l y NIL, but w h i c h is turned on when that part of t h e s e n t e n c e is c o n s i d e r e d to b e correctly dealt with. In our example, so far o n l y two parts are flagged: the f i r s t noun phrase: "the %anw, and the verb phrase.
The f u n c t i o n which t a k e s care of the rest of t h e sentence s i m p l y goes down the p-parse c h e c k i n g these flags. If i t finds one
which is MIL it works on that p a r t of t h e sentence u n t i l it either succeeds, or f a i l s --c a u s i n g back-up.
For t h i s example, t h e n , t h e f i r s t p h r a s e it comes upon
needing work is the p r e p o s i t i o n a l phrase: " b e s i d e the window". E i t h e r t h e progran d i d not look back f a r enough in a n a t t e m p t to resolve an anaphoric reference, or 2) The t e s t s were t o o severe, (ie: t h e SHOULD-BE t e s t s caused f a i l u r e when they should n o t have,)
As r e n t i o n e d a b o v e . there is a r a s t e r -t a b l e in the s y s t e n v h i c h aBS0Ciates each p r e p o s i t i o n w i t h t h e cases it
The anaphoric part of t h e s y s t e m has not been e x p l a i n e d pet, b u t as t h e r e were no pronouns in the sentence, the f i r s t reason can be r u l e d out. In order to ueaken the t e s t s , a flag is set to shut o f f t h e SHOULD-BE t e s t s , That is, all SHOULD-BE tests will succeed in f u t u r e . The process b e g i n s a g a i n w i t h IF,
The b e g i n n i n g is the same, but this tine h e f i r s t
invocation of AGERT w i l l succeed, because t h e test (AND (SHOULD-BE
BUSZCIAIQ)
(HUST-BE HUBAZII) ) succeeds, The s t r u c t u r e it r e t u r n s is p u t i n t h e register AG, IF c o n t i n u e s with the second triple of parameters, and the form (PATIENT (HOST-BE HOSICAL-IISTBTJMEIIT~ ) is EVALed. Bow, PAT1 ENT is v e r y s i m i l a r to 1GBBT: it looks i n t h e a p p r o p r i a t e p l a c e i n t h e s e n t e n c e for the! p a t i e n t of the v e r b , It then a p p l i e s its TEST to it, In an active s e n t e n c e , s u c h as our e x a m p l e , the c a n d i d a t e for P A T I E I T is t h e first noun p h r a s e a f t e r t h e v e r b , T h e p i a n o n is found, and since it gasses the t e s t (MUST-BE HUSICAL-IEJS'ERUBElrlT). PITIEWT r e t u r n s " t h e pianom a s t h e patient of t h e s e n t e n c e . 
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SOUND
It aou remains to try to clean up t h e u n f l a g g e d p a r t s o f the sentence. The f i r s t one, a g a i n , is " b e s i d e t h e windowm, a n d e x a c t l y the same t h i n g is done as was done p r e v i o u s l y : it is decided that "beside the window" is a l o c a t i v e a e s c r i p t o r of " t h e manm, and t h i s decision is s t a c k e d for l a t e r action.
The only other p a r t of the s e n t e n c e to be handled is " f o r uith respect to the v e r b , t h e y are p u t into the structure at the saae l e v e l , that of the verb symbol fl<--w, and t h e i r order is arbitrary. A form is s t a c k e d to p u t t h e above structure i n t o t o e main s e n t e n c e structure i n t h e correct location.
Bext the p -p a r s e is c h e c k e d for a n y unused phrases, None are found, and the program t e r m i n a t e s by placing the two forms i n t o the structure, which is r e t u r n e d The man v i t h t h e wife who is b i g g e r than he goes to Vienna w i t h a wonan who is s a a l l e r than he, The house w i t h t h e p i a n o in it was given to Fred by his wife. 
